the porous electrode layers will be more prone to flooding with dramatic consequences for 73 oxygen supply and overall ORR activity. The layers analyzed in this article are all of GDE-74 type.
75
A vital concept to rationalize the aforementioned interdependence of S r and L CCL is the reac-76 tion penetration depth due to oxygen diffusion, defined as 42
where F is the Faraday constant, R the ideal gas constant, T the temperature, D CCL 
84
When λ p L CCL , the reaction is limited to a portion of the CCL near the GDL interface and 85 the rest of the CCL is not utilized. For λ p ≥ L CCL , the reaction rate is distributed uniformly 86 throughout the CCL. Optimal Pt utilization will be achieved with λ p ≥ L CCL .
87
What is the impact of the type and thickness of the CCL on cell operation?
88
At given j 0 , a thick GDE has a low volumetric current density and a high vaporization capa-89 bility owed to a highly developed liquid-gas interface in the partially flooded pore space. 43 ,44
90
Upon reduction of L CCL , the volumetric current density grows as j 0 ∝ (L CCL decreases over-proportionally until it reaches zero under fully flooded conditions.
95
To clarify the last point, let us consider a ten-fold reduction of L CCL ; then the ratio of the rate 96 of water production to the rate of vaporization will increase by at least two orders of magni-97 tude. Inevitably, more liquid water has to leave the catalyst layer aggravating problems with 98 flooding in the GDL as seen in Figure 1 (a). In order to understand the impact of CCL modi-99 fication and especially of changes in L CCL on PEFC operation, it is crucial to closely monitor 100 changes in water distribution, not only in the CCL, but in the whole cell, especially the GDL
101
and flow channels on the cathode side. Refs. [25] [26] [27] [28] [29] [30] [31] [32] [33] [34] [35] [36] with the physical models developed in Refs. 10 
131
The following trends can be discerned:
132
(1) The proton conductivity, σ el remains relatively constant with the reduction in m pt . Since = .
(b)
= .
= . must consider the interplay of electrochemical kinetics and oxygen diffusion in the CCL.
159
The generic exchange current density of a CCL is given by 10
where j 0 * is the intrinsic exchange current density, N A the Avogadro constant, M pt the atomic 
Using λ p as defined in equation 1 and re-arranging results in 
Based on the foregoing analysis, the value of γ allows for three cases to be distinguished: 
187
By assessing the value of γ, we can see where we are on that scale from 0 to relation is done at the same operating current density j 0 .
191
The first case (γ 0) represents excellent catalyst utilization, whereas the second case (γ 
195
The correlation described by equation 6 is tested in Figure 3 . The slopes determined from the experimental studies the values of L CCL are not known. Therefore, we proceeded in two steps.
198
In the first step, the correlations were tested for two limiting scenarios, assuming either and monitored, and model based analyses, as presented above, would be highly insightful in 220 this regard.
221
For most of the experimental studies in Figure 3 , γ lies in the predicted range from 0.5 − 1.5. detailed structural data would be needed to further scrutinize this aspect.
228
The present modeling exercise yields a well-founded hypothesis: the reduction in m pt strongly 229 affects the water fluxes and distribution in GDE-type CCL and adjacent media. The shifted 230 water balance, which is expected as a logical consequence of the shifting ratio of the volumet-231 ric rate of water production to the rate of vaporization, affects effective properties and local 232 reaction conditions in a way that leads to trends seen in Figure 3 . Especially, the GDL water 233 balance will be strongly affected by flooding for low m pt systems. 
267
As discussed in Ref. 10 , to render the catalyst active, it must be surrounded by liquid water, 
